Background--Despite documented benefits of cardiac rehabilitation, adherence to programs is suboptimal with an average dropout rate of between 24% and 50%. The goal of this study was to identify organizational and patient factors associated with cardiac rehabilitation adherence.
C ardiac rehabilitation (CR) is a class I indication for patients with coronary heart disease (CHD). 1 Several major meta-analyses have shown that participation in CR promotes a healthy lifestyle, reduces risk factors, improves health-related quality of life, and decreases mortality and morbidity. [2] [3] [4] [5] [6] [7] Importantly, recent studies have demonstrated a dose-response relationship with higher attendance associated with lower mortality and morbidity. 8, 9 However, between 24%
and 50% of patients who enroll in CR programs withdraw from the program. 10, 11 This problem of dropout is persistent, having been documented in the literature for at least 4 decades, 12, 13 and continues to pose a challenge to health policy makers in the management of CHD. 11, 14 Several studies have been directed toward factors that improve patient adherence and completion of CR programs; the majority of these studies have examined patient factors. [14] [15] [16] [17] While health system-level factors that impact CR enrollment have been examined recently, [18] [19] [20] [21] few studies have investigated the role of organizational and system-level factors on CR adherence 22, 23 ; also they are qualitative studies that do not quantify the strength of key findings. Moreover, to the best of our knowledge, there have been no studies that have examined the role of organizational and patient factors in patient adherence concurrently. Therefore, the aim of this study was to concurrently investigate the role of organizational and patient factors in CR adherence in a multisite study of 38 CR facilities in Wisconsin.
Methods Data Sources
Data were provided by 38 of the 69 CR facilities in the Wisconsin Cardiac Rehabilitation Outcomes Registry (WiCORE) Project in 2010. Program managers or coordinators of the 69 CR facilities were contacted via email requesting consent for participation in the study. A web-based survey that inquired into key organizational data was sent via email to 38 program managers and coordinators who chose to participate in the study. Patient data obtained from the WiCORE files included 4412 patients who enrolled in CR programs in these 38 CR facilities during the time period from January 1 to December 31, 2010, and were collected by the CR staff at each facility using the WiCORE web-based interface. The present study was approved by the Institutional Review Board of Brandeis University.
Measures

Patient factors
The WiCORE patient data set included: gender, race, age, educational level, social support, health insurance status, tobacco use ("current" smoker defined as actively using tobacco products at the time of the assessment or having quit within the past 12 months; "former" smoker defined as having used tobacco products in the past, but quit more than 12 months prior to the assessment; or "never smoked"), American Association of Cardiovascular Pulmonary Rehabilitation (AACVPR) risk category for cardiac events during exercise (low, moderate, high, as defined in the AACVPR Guidelines (p 63), 24 history of depression defined as whether the patient has a documented history of clinical depression (yes/no), days to start CR program (days from hospital admission, due to a cardiac event or referral date for angina diagnosis, to the first CR exercise session), admitting diagnosis and coronary procedures (yes/no): acute myocardial infarction (AMI), angina, heart failure, coronary artery bypass surgery (CABG), percutaneous coronary intervention (PCI), and valve replacement, comorbid conditions including diabetes, arthritis, gastrointestinal disease, pulmonary disease, back pain, peripheral vascular disease, renal disease, stroke, and musculoskeletal disease, as well as previous history of heart diseases (yes/no). Baseline levels of clinical measures were also collected including body mass index (BMI), total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides, systolic blood pressure, diastolic blood pressure, hemoglobin A1-c (A1C) for diabetic patients, left ventricular ejection fraction (%), physical activity (min/week), and medication use (yes/no): beta-blockers, angiotensinconverting enzyme inhibitors or angiotensin receptor blockers (ACEI/ARB), lipid medications, and aspirin. 
Organizational factors
Outcome
The outcome variable is adherence, which, in this study, is defined as attending at least the median number of exercise sessions (≥21) attended by the entire cohort.
Statistical Analyses
Summary statistics were used to describe the baseline characteristics and the proportion of adherents. Bivariate analyses were performed on patient-and organization-level factors to assess differences between adherent patients (adherents) and nonadherents. the process continued until all patient and organizational variables were examined. The GEE procedure was used to account for clustering of patients within CR facilities. The LOGIT link function and the exchangeable working correlation matrix were used in the GEE analysis. A value of P<0.05 was considered statistically significant. All statistical analyses were performed using SPSS 19.0 (IBM Corporation). 25 
Results
Adherence and Patient Factors
Our cohort consisted of 4412 patients who attended a median of 21 CR sessions with a range of 1 to 67 sessions. The mean age (AEstandard deviation) of patients was 65AE12 years; within the cohort, 30.4% were women and 95.3% were whites. The mean number of days from hospital admission due to a cardiac event, or referral date for angina diagnosis, to the first CR exercise session was 20AE13 days. Among patient characteristics, adherence was significantly (P<0.05) associated with race, age, and AACVPR risk categories (Table 1) . Adherence was also significantly associated with CABG procedure and diabetes diagnosis (both P<0.001) ( Table 2) . Conversely, adherence was not significantly associated with gender, educational status, social support, health insurance status, smoking status, history of depression, or comorbid conditions (Tables 1 and 2 ). LDL cholesterol was the only variable among baseline clinical or physical variables that was significantly different between adherents and nonadherents 2.5AE1.0 mmol/L (95.3AE37.5 mg/dL) and 2.6AE1.0 mmol/L (99.1AE37.6 mg/dL), respectively (P=0.04). However, this small difference (0.1 mm/L or 3.8 mg/dL) is not clinically significant.
Adherence and Organizational Characteristics
Of the 38 CR facilities, one facility was affiliated with a medical school and one facility offered transportation for patients. All except 3 facilities offered a maintenance CR program (phase III). Table 3 presents organizational characteristics associated with adherence. Four organizational characteristics were positively associated with adherence: medical director involvement ≥15 min/week at the activity area (P=0.04), adequate equipment (P=0.03), adequate space (P=0.02), and assessment of patient satisfaction (P<0.02). Table 4 presents the CR services attended by patients. Six services were positively associated with adherence (P<0.05): group-and individual-based diet sessions, groupbased psychological counseling, relaxation training, groupbased lifestyle modification, and group-based medication counseling.
Adherence and Regression Analysis
Patient characteristics
Results of the logistic regression model examining both the patient and organizational factors role in CR adherence are presented in Tables 5 and 6 . Patient predictors of CR adherence are presented in Table 5 . Older patients (aged ≥65 years) were more likely to adhere with CR than younger patients (aged <65 years). Non-white patients were less likely to adhere than white patients. Patients with CABG, patients in the AACVPR high-risk category, and diabetic patients were 
Organizational characteristics
Discussion
This is the first study, to the best of our knowledge, to examine the role of organizational factors in explaining adherence to CR programs. The study includes a large number of patients (N=4412) who participated in CR at 38 program sites in Wisconsin from January 1 to December 31, 2010, and provides a comprehensive examination of organizational program 8, 9 In fact, the actual number of sessions patients attended upon completion of the CR program in our study varied by program and by patient though a standard program consists of 36 exercise sessions for Medicare beneficiaries. 26 Because more than half of the cohort in this study is Medicare beneficiaries (aged ≥65 years), we expected to have a median number of sessions comparable to that of the Medicare beneficiaries (25 sessions). 8, 9 Notably, the average time from hospital admission due to a cardiac event or referral date for angina diagnosis to the first CR exercise session was 20AE13 days. This was faster than the average in 2 recent studies, which average times from hospital discharge to CR enrollment of approximately 35 days. 27, 28 Nevertheless, it will be worthwhile to investigate the reasons for such a lag in time documented in all these studies.
Patient Factors
Older patients (aged ≥65 years) were more likely to adhere than younger patients (aged <65 years) and non-white patients were less likely to adhere than white patients confirming similar findings in published studies. 15, 29, 30 The positive association between adherence and CABG observed in this study also supports previously reported findings.
9,31
We found that AACVPR high-risk patients attended more CR sessions than AACVPR low-risk patients-also confirming previously reported findings. 32 We also observed higher adherence in patients with diabetes than without diabetes. Although the literature on adherence and diabetes is inconsistent: other studies have reported that patients with diabetes were more likely to adhere than patients without diabetes, 32 less likely to adhere, 33 and to have similar adherence rates. 15 Differences in the association between diabetes and adherence may partially be explained by the variation in the cut-off point, in terms of number of CR sessions, used for adherence definition across published studies. However, an additional possible explanation for our finding could be that patients with diabetes were prescribed more CR sessions than patients without diabetes because diabetic patients were at higher AACVPR risk compared to their counterparts; in this study, 75.6% of patients with diabetes were either at high-(38.0%) or moderate-risk (37.6%) according to the AACVPR-risk categories. Forward stepwise variable selection model was used for identifying significant predictors. For the total list of variables examined, see "Patient Factors" and "Organizational Factors" under "Methods." AACVPR indicates American Association of Cardiovascular and Pulmonary Rehabilitation; CABG, coronary artery bypass graft surgery; CI, confidence interval; CR, cardiac rehabilitation; OR, odds ratio.
Organizational Factors
Diversity in the services offered and meeting explicit patient needs have been underlined as means to improve adherence to CR. 34, 35 In this study, patients were more likely to adhere in CR programs where patients attended diet classes and relaxation training (either individual or group format) and group-based psychological counseling, medication counseling, and lifestyle modification. Interestingly, adherence was associated with group rather than individual classes for psychological counseling, medication counseling, and lifestyle modification. Group sessions in which participants felt they were members of a group, or a club, and were welcomed, felt they belonged, and shared their experiences with patients with similar conditions have all been shown to be strong motivating factors to adhere to CR whereas patients who did not experience group solidarity were more likely to drop out. 22, 36 Our observation that group-based sessions seem to keep patients in CR programs longer than individual-based sessions is consistent with these observations. Diet classes were predictors of adherence in the present study. This result may indicate that patients who attended diet classes perceived additional benefits of the CR program-a factor frequently documented as a predictor of adherence. 22, 36, 37 In diet classes, patients learn strategies to translate knowledge into behavioral change such as healthy eating habits for eating at or outside home and using recipes of inexpensive and healthy foods. In addition, participation of patients' spouses at group diet classes may provide a family support for patients to attend more CR sessions as reported by some program managers/coordinators who participated in our study. Patients whose spouses participated actively in group counseling were found to have the highest compliance with weekly exercise compared to other groups in which spouses did not participate. 38 Previous studies have demonstrated psychological distress as a predictor of patient drop-out from CR programs 17, 39 while relaxation training has been associated with reduced distress and depression. 40, 41 Consistent with these observations, patients in our study who received relaxation training and psychological counseling were more likely to adhere to CR than patients not participating in these services. Lifestyle modification has been perceived as a challenge to CHD patients in a qualitative study; this is probably due to both the implementation of too many changes at once and to the lack of professional support in the community. 42 Our finding of positive association between lifestyle modification and adherence to CR reveals the potential of this aspect of CR services in addressing this challenge for CHD patients. In particular, lifestyle modification classes addressed content aspects critical to CHD patients, including assessment, education, and monitoring of weight loss, tobacco cessation, stress management, and dietary and physical activity behaviors, as well as support from a health professional who helps empower patients to make practical lifestyle changes and to overcome obstacles. 18, 43, 44 Pertinent to CR staff support, we found that involvement in the exercise area by the medical director for ≥15 min/week was positively associated with adherence. It may well be an indirect effect of the medical director whose presence in the activity area positively influences the CR staff, and consequently they have greater Both Tables 5 and 6 report findings from the same regression model. CI indicates confidence interval; CR, cardiac rehabilitation; OR, odds ratio.
influence on patients' adherence and performance. Another explanation could be that the visibility of the medical director to patients during exercise keeps patients in a program, particularly if the director is the referring physician as previous studies have shown that the referring physician's support is an influential factor in CR participation and adherence. 18, 43 Frequent encouragement by professionals and discussing progress has been reported to be among the most important CR features for continuing in CR programs. 45 Our finding of a positive association between assessment of patient satisfaction and CR adherence supports recent recommendations by the Michigan Society for Cardiovascular and Pulmonary Rehabilitation 46 on the use of patient satisfaction surveys as a tool to improve adherence to CR. Assessment of patient satisfaction has increasingly gained the attention of policy makers because it provides an opportunity for CR managers to identify and address problems and, therefore, potentially improve health services. 47 Adequate resources, including space and equipment, as judged by our survey respondents, including program mangers and coordinators, were positively associated with adherence in this study. Conversely, inadequate physical space and lack of equipment have been identified as barriers to CR enrollment in qualitative studies. 48, 49 Our results support and extend adequate space and equipment as predictors of CR adherence.
Limitations
Due to data limitations, we were unable to examine a number of factors that have been associated with adherence in other published studies; these factors included copayment, 50 income, 37 self-motivation, 37, 51 and work demands. 32 Another factor for which data were unavailable was the number of CR sessions covered by the patient's health insurance plan, which could have limited the number of CR sessions an individual patient was permitted to attend. An additional limitation is related to the nature of observational studies. Some of the services attended by patients could be considered as outcomes in our GEE modeling rather than predictors (Table 6 ). For example, the more exercise sessions patients attend, the more likely they are to get the educational classes because these classes are usually held in conjunction with the exercise session. Self-selection bias must be considered as only 38 of the 69 CR facilities in the WiCORE Project (55%) chose to participate in our study in 2010, hence limiting the generalizability of our findings. In addition, the relatively small number of CR programs included in the analysis (n=38) may explain the failure to detect statistically significant relationships between adherence indicators and some of the organizational factors. For example, nonsignificant trends were observed in the associations between adherence and the following factors: CR programs located inside hospitals, gender-specific classes, CR classes held after work hours, available parking, and CR promotion. Therefore, we suggest replicating the present adherence study with a larger number of CR facilities.
Conclusions
Both organizational and patient factors have key roles in CR adherence. The interpretation of the results of this study has important implications for CR program directors; organizational factors do influence patient adherence with CR programs. Some modifiable organizational factors have been identified, including medical director involvement, adequate space and equipment, assessment of patient satisfaction, and the characteristics of educational classes, each of which may help decision makers improve patient adherence to CR programs.
